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Figure 1. NUSCAT data sample including backscatter, incidence and azimuth angles

tudes up to 10000 m. The estimated relative
calibration accuracy is 40.23dBand absolute
error is about1dB [5].

The NUSCAT/SWADVY flights were carried
out in 1991 off the coast of M aryland and Vir-
ginia. Inthe experimental area, several buoys
were deployed: Discus C, Discus I, Discus N,
CERC, and the National Oceanographic and
Atmospheric Administration’s Experimental
buoy, or Coastal Buoy ‘2. Among data col-
lected by buoys were wind speeds, wind di-
rections, air and sea temperatures, significant

wave heights, and directional wave spectra

There was a total of 10 flights during
2/2/91-3/9/91 . The flights were partitioned
into flight lines, andecach line into runs.
Flight lines included straight, triangle and
radiator patterns. The NUSCAT data set
consists of HHand VV backscattering coef-
ficients, incidence and azimuth angles, time
tags, latitudes and longitudes, and other an-
cillary data from aircraft such as altitude,
pitch, roll and heading angles. A sample of
the NUSCAT data is shown in Figurel,



AZIMUTH MODULATIONS
Azimuth Signatures:

Azimuth modulations in ocean radar
backscatter have two main features: the di-
rectional alignment effect in the wind direc-
tion and the asymmetry in the upwind and
downwind directions. These effects can be
described by a second harmonic function [7]
which is specified by three different coefli-
cients. In this paper, the azimuth modula-
tions arc studied in terms of backscatter in
the up, down, and crosswind directions, which
determine the three coefficients. In this case,
the harmonic function is expressed in the lin-
car domain (not dB) as

opp = 4 (ag‘}, + U(d) + 20(0) )
+ = (UPP - agff),)cosgb
( (u) E;i}) - 20551))) cos(2¢)

where opp isthebackscattiering coefficient at
azimuth angle ¢ with respect to the wind di-
rection. The backscatter in the upwind di-

rection is op}) — opp(é= 00), downwind
backscatter is oj([fl,), = opp(¢ = 180°), and
crosswind backscatter is U,(oc}) = opp(¢ =

90°) =opp(¢ = 270°) for polarization PP
which can be horizontal } H or vertical VV.

Algorithm:

We need to extract from NUSCAT data the
values of o), o9, ancl o{%), to determine the
azimuth modulations. Figure 1 Snows that
there is amodulation in incidence angles that
depend on azimuth angles.This was caused
during the NUSCAT flights by a pitch angle
resulting in a tilt of the antenna axis with re-
spect to nadir. Note that circle flights may
have similar problem caused by wind effects.
Thisincidence modulation beats with the az-
imuth modulations in the ocean backscatter
to create extraneous harmonics in the mea-
sured signals. We developed a method to ac-
count for theeffects of incidence angle fluc-
tuations and ‘fn)e 0?‘% ancousy rmonics in the
retrieval of & PP»Opp, and oPP using full az-
imuth scans of NUSCAT data. The algorithm

does not involve any assumption on the un-
derlying geophysical model functions and thus
independent of such models. We carried out
an end-to-end simulation to assess the per-
formance of thealgorithm. For 10°-600 inci-
dence angles and all azimuth angles relative to
wind direction, the simulation for horizontal
polarization presented in Figure 2 indicates
excellent results with small residual devia-
tions (root-mean-square values within 0.15-
0.25 dB). Vertical polarization results show
similar performance. The simulation was aso
verified for all wind conditions of interest for
SWADE.

Results:

We apply the above algorithm to NUS-
CAT/SWADL data to determine azimuth
modulations in occan backscattcr at vari-
ous atmospheric and oceanic conditions mea
sured by buoys. NUSCAT' data are correlated
with buoy measurements at the closest time
and location. Upwind, downwind, and cross-
wind backscattering coefficients for horizontal
polarization at 10°-60° incidence angles are
shown in Figure 3 as functions of neutral wind
speedUn @t 1 9.5-m height. The range of wind
speed under consideration is from 4 m/s to 15
m/s. NUSCAT/SWADE results represented
by the symbols a1 e compared with RADSCAT
results [1](continuous curves) and predictions
from SASS-| [7] (dashed curves) and SASSHI
[8] (clashed-dotted curves). It is known that
there arc some discrepancies among RAD-
SCAT, SASSH, and SASS-I, which are seen
in Figure 3. in general, NUSCAT/SWADE
data are higher than RADSCAT results es-
pecially at larger incidence angles. At 10°
incidence angles, NUSCAT/SWADEF data fit
best with SASS-1 and also compared well with
SASS-II. At 20°300 incidence angles, NUS-
CAT, SASS-1, and SASSII arc in good agree-
ment and RADSC AT results are low. At
larger incidence angles, NUSCAT data com-
pare best with SASS-I1. Results for vertical
polarization have a best overall comparison
with SASSHI.

SUMMARY

Ku-band backscatter data acquired by the
Jet Propulsion laboratory airborne NUSCAT
scatterometer during SWADY, were analyzed
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Figure 2. Simulation for performance assessment of thealgorithin (O determine azimuth mod-
ulations in NUSCAT/SWADY data. The vertical axis is for deviations from true values and the
horizontal axis is for azimuth angles relative tothe wind direction. T'his simulation is for horizontal
polarization and incidence angles from 10° to 60°.
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Figure 3. Backscattering coefficients at upwind, downwind, and crosswind for horizontal polar-
ization as functions of neutral wind at 19..5 height. The symbols are for NUSCAT/SWADE data,
continuous curves for RADSCAT results, dashed curves for SASS, and dash-dotted curves for

SASSHI.
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to investigate azimuth modulations in ocean
radar backscatter. The modulation was spec-
ified in terms of backscatter at upwind, down -
wind, and crosswind. An agorithm was de-
veloped to account for extraneous harmon-
ics introduced by the modulation in incidence
angles. Simulations indicated a good perfor-
mance of the algorithm. NU SCAT/S WADE
results are higher than RAD SCAT, compared
well with SASS- | at small incidence angles,
and in good overall agreement with SASS-II.
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